The effects of ZnO and CuO nanoparticles on antibacterial and wash durability behaviour of nanoparticles treated cotton fabric using sodium alginate as cross linker were studied. The metal oxide nanoparticles treated cotton fabric using sodium alginate as a crosslinker was characterized employing SEM-EDX and their antibacterial activity was analyzed. The obtained zone of inhibition and estimated wash durability behaviour is in the order of ZnO>CuO.
Introduction
Metal oxide nanoparticles are attractive for a large variety of applications including catalysis, sensors, optoelectronic materials, environmental remediation and antibacterial applications [1] [2] [3] . They are prepared employing various methods such as sol-process, micelle, chemical precipitation, hydrothermal, pyrolysis, chemical vapour deposition and biobased protocols etc. [4] . Among various fibrous products, alginate based products are currently used in developing antimicrobial agents releasing systems or dressing materials. The frequent use of alginate based fibers has been facilitated by its special properties such as low cost and easy availability, biocompatibility and ability to enhance healing of wounds, high moisture adsorption and strong ion-exchange capacity [5, 6] . However, in spite of possessing excellent properties for being used as dressing material, alginate fibers cannot be used alone due to their relatively poor mechanical strength. On the other hand, cotton cellulose fibers have been widely accepted as dressing materials due to their fair mechanical strength, biocompatibility, durability, ease of chemical modification etc. [7] .
Therefore, in our study, antibacterial and wash durability behaviour of ZnO and CuO nanoparticles treated cotton fabric with sodium alginate as cross linker has been carried out. The nanoparticles treated cotton fabric using sodium alginate as a crosslinker has been characterized using SEM-EDX and its antibacterial and wash durability activity has been analysed.
Materials and Methods
Prepared metal oxide nanoparticles such as ZnO (~50 nm) and CuO (~50 nm) were applied to the fabric employing pad-dry-cure method. About 2% solution of metal oxide nanoparticles in water were used for the treatment of cotton. The cotton fabric (12cm×12cm) was immersed in a solution containing 2% of nanoparticle and 1% of sodium alginate as crosslinker for 5 minutes and padded using a two bowel padding mangle for 15 min. The observed pH of the padding solution was 5-6. Then the padded fabric was air dried and cured at 140°C for 3 min in hot air oven. The treated fabric was immersed for 5 min in 2g/l solution of sodium lauryl sulphate to remove the unbound nanoparticles. Further the fabric was rinsed with water 10 times so as to remove the traces of soap. The fabric was finally dried in an ambient air.
Results and Discussion
Several reports have been documented to study the toxicity tests examining zinc oxide (ZnO) and copper oxide (CuO) nanoparticles in the literature [8] [9] . The results showed that the ZnO nanoparticles were most toxic followed by nano CuO. In our study, we focuses on the effect of antibacterial and wash durability behaviour of ZnO and CuO nanoparticles treated cotton fabric with sodium alginate as cross linker. Figs. 1(a-d) shows the XRD and PSA results of prepared ZnO and CuO nanoparticles. SEM-EDX studies were carried out for ZnO and CuO metal oxide nanoparticles treated and untreated cotton fabrics. Figs. 2 (a-c) shows SEM-EDX images of the untreated cotton fabric. There is no absorption of molecules on the surface of the fabric and no characteristic metal peaks is observed (Fig. 2c ). Antibacterial studies employing Kirby agar diffusion method of ZnO and CuO metal oxide nanoparticles treated and untreated cotton fabric using sodium alginate as crosslinker were tested against S.aureus and E.coli bacteria (Figs. 3a-c) . The untreated fabric does not show any zone of inhibition ( Fig. 3a) . ZnO nanoparticles treated fabric (Fig. 3b) show good antibacterial activity against both bacteria. The gram positive bacteria shows higher zone of inhibition compared with the gram negative bacteria. Similarly, CuO nanoparticles exhibit significant antibacterial results against both bacteria (Fig. 3c ). In this case also, the zone of inhibition was found to be more in S.aureus compared with E.coli. The measuered zone of inhibition of ZnO and CuO nanoparticles treated antibacterial assesment for E.coli and S.aureus are respectively (23 and 30 mm) and (22 and 25 mm).
The antibacterial behaviour of ZnO nanoparticles could be due to chemical interactions between hydrogen peroxide and membrane proteins, or between other chemical species produced in the presence of ZnO nanoparticles and the outer lipid bilayer of bacteria. The nanosized ZnO particles are responsible for inhibiting bacterial growth [10] . The antibacterial behaviour of zone of intermediate resistance of CuO nanoparticles indicating that some inhibition occurs using this antimicrobial activity but it may not be sufficient inhibition to eradicate the organism when compared to ZnO because of less toxic of CuO than ZnO [11] [12] . The obtained zone of inhibition is in the order of ZnO>CuO.
Moreover, washing durability tested fabrics shows that the significant antibacterial activity was actively retained in both metal oxide nanoparticles treated fabrics up to 4 washes (Table 1) even after repeated wash cycles. After 4 washes the percentage of bacterial reduction was very low and there was no antibacterial activity found in the fabrics after 10 washes. This may due to the entanglement of the nanoparticles onto the fibres very strongly. The untreated control fabrics were not subjected to any wash durability test as it has no antibacterial activity. The estimated wash durability activity of ZnO and CuO nanoparticles treated percentage of bacterial reduction is in the order of ZnO>CuO as shown in Table 1 . The obtained results in the present investigation was correlated with previosly reported literatures [6] [7] .
The antibacterial and wash durability assessment of ZnO and CuO metal oxide nanoparticles treated cotton fabrics showed that the performance of zone of inhibition and wash durability is greater for zinc oxide than copper oxide naoparticles. Therefore, from the observed results we can concluded that antibacterial and wash durability behaviour of ZnO and CuO nanoparticles treated cotton fabric using sodium alginate as cross linker is in the order of ZnO>CuO. Conclusion SEM-EDX images confirmed the absorption of metal oxide nanoparticles on the cotton fabric due to sodium alginate crosslinker. The nanoparticles treated coated cotton exhibit good antibacterial activity (ZnO>CuO) and obtained wash durability is in the order of ZnO>CuO. 
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